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Abstract 

Alcohol cue salience is theorized to play a mechanistic role in alcohol use disorder (AUD), yet 

links between neural cue reactivity and naturalistic drinking remain undercharacterized. This 

study combined laboratory event-related potential (ERP) measures with two weeks of 

ambulatory assessment to evaluate whether alcohol-cue P3b relates to real-world drinking and 

individual differences in AUD severity. Heavy drinking participants (52% Female; Ages 21-32) 

were recruited from the local community. Participants completed two weeks of ecological 

momentary assessment with continuous transdermal alcohol monitoring and attended three 

laboratory visits scheduled at one-week intervals. At the final study visit, participants completed 

an EEG visual oddball task involving the presentation of both infrequent alcohol and non-alcohol 

beverage target images and frequent household-object standards. Alcohol images elicited 

significantly larger P3b amplitudes than non-alcohol images across the sample (N = 47), b = 

2.13, p = .002. Critically, this alcohol-specific P3b enhancement was concentrated among 

individuals with pronounced AUD (moderate–severe, N=20). Objective transdermally-measured 

ambulatory drinking further moderated neural cue reactivity in the pronounced AUD group: 

more binge-level days, b=0.51, p=.020, and higher peak estimated consumption, b=34.09, 

p=.044, were associated with stronger alcohol-specific P3b responses. In contrast, neither 

retrospective baseline nor in-vivo ambulatory self-reports of drinking demonstrated consistent 

associations. Together, findings indicate that alcohol cue–elicited P3b is (a) sensitive to clinically 

meaningful severity distinctions and (b) larger among individuals with heavier real-world 

drinking as captured with objective sensors, supporting its utility as a neurocognitive marker 

with ecological validity for understanding individual differences in AUD. 
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1. Introduction 

Addiction researchers have long stressed the importance of better understanding 

heterogeneity in alcohol use disorder (AUD) phenotypes, as such variability may help explain 

why individuals respond differently to specific treatment modalities (Witkiewitz et al., 2019). 

Consistent with this view, research has repeatedly documented meaningful differences among 

individuals with AUD in their alcohol-use patterns, psychosocial characteristics, and 

neurobiological signatures (Litten et al., 2015). To organize this variability, the Alcohol 

Addiction Research Domain Criteria (AARDoC) extends the National Institute of Mental Health 

RDoC framework to addictions, delineating three core research domains—i.e., incentive 

salience, negative emotionality, and executive function—to advance understanding of AUD 

etiology, course, and treatment (Kwako et al., 2016; Koob & Volkow, 2016). Building on this 

framework, the present work centers on incentive salience for alcohol cues and its relevance for 

real-world drinking among people with AUD. 

Incentive salience refers to psychological processes that assign motivational significance 

to potentially rewarding stimuli (Paulus et al., 2009; Robinson et al., 2014; Robinson & 

Berridge, 1993). Within addiction theory, incentive salience toward alcohol-related stimuli, or 

alcohol cue salience, has been advanced as a core mechanism of addiction (Carter & Tiffany, 

1999; MacKillop & Lisman, 2008; Niaura et al., 1988; Robinson & Berridge, 1993). Alcohol cue 

salience varies markedly with individual and contextual characteristics; depending on the person 

and the setting, a can of beer or a glass of wine might exert little sway over awareness or, 

alternatively, may seem to leap out at the drinker and dominate attention (Martins et al., 2019; 

Valyear et al., 2017; Villaruel & Chaudhri, 2016). Heightened alcohol cue salience has been 

identified as a potent immediate precipitant of drinking (Kambouropoulos & Staiger, 2009) and, 
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over time, is implicated in the development of AUD (Cox et al., 2002; Robinson & Berridge, 

1993; Stormark et al., 1997). Consequently, characterizing alcohol cue salience has become a 

priority in addiction science. 

Efforts to capture alcohol cue salience have faced notable methodological challenges 

because the attentional operations that prioritize environmental cues often unfold outside 

conscious awareness (Krank & Wall, 2006), limiting the interpretability of self-report alone. 

Methods that index neural activity on a millisecond timescale, particularly event-related brain 

potentials (ERPs), offer an opportunity to observe these rapid, automatic processes directly. Of 

special relevance is the P3b, a positive ERP component that peaks about 300 ms (or later) 

following stimulus onset and is largest over posterior scalp sites. It is most commonly elicited in 

oddball paradigms, in which infrequent target stimuli are presented among frequent standard 

stimuli. P3b amplitude scales with subjective probability, such that rarer events (e.g., oddballs) 

elicit larger responses, and, critically, is further modulated by the amount of attention allocated 

to the stimulus (Donchin, 1981; Polich & Kok, 1995; Polich, 2007). In alcohol-cue paradigms 

that intermix pictures of alcohol and non-alcohol beverage targets among neutral standards, the 

amplitude difference between P3b responses elicited by alcohol versus non-alcohol images has 

been used as an index of alcohol cue salience (Porjesz et al., 2005; Bartholow et al., 2007, 2010, 

Kohen et al., 2024). Across multiple studies, this alcohol cue salience marker – i.e., larger 

amplitude P3b responses to alcohol compared to non-alcohol targets – has been found to covary 

with individual and contextual factors linked to consumption and problem drinking (e.g., 

Bartholow et al., 2007; Herrmann et al., 2001; Namkoong et al., 2004; Bartholow et al., 2010; 

Cofresí et al., 2019; Fairbairn et al., 2021). 
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Lab-to-field findings indicate that laboratory measures of alcohol-cue processing, 

particularly alcohol-cue-elicited P3b responses, carry predictive relevance for drinking behavior 

in everyday life. For example, Kohen et al. (2024) reported that larger alcohol-cue–elicited P3b 

amplitudes forecast steeper real-world increases in alcohol consumption during drinking 

episodes and higher momentary craving across a 21-day EMA period, strengthening the case that 

laboratory P3b cue-reactivity tracks naturalistic drinking dynamics. More broadly, findings 

indicate that stronger neural prioritization of alcohol-related information is mirrored by heavier 

and more intense drinking patterns outside the laboratory, lending support to the mechanistic 

significance of incentive salience within the AARDoC framework (Kohen et al., 2024; Cofresí et 

al., 2022; Petit et al., 2015). 

Complementary advances in wearable transdermal alcohol sensing and EMA 

methodology have improved the precision with which naturalistic drinking can be quantified, 

allowing more direct tests of how neural cue-reactivity relates to real-world alcohol exposure and 

subjective responses (Fairbairn & Bosch, 2021; Fairbairn, et al., 2020; Didier et al., 2024; Ariss 

et al., 2023). Consideration of individual-level variation is central to connecting alcohol-cue P3b 

with clinically meaningful outcomes. Although individuals with AUD frequently exhibit reduced 

P3b amplitudes to simple, nonaffective stimuli, consistent with deficits related to chronic heavy 

use and externalizing vulnerability (Euser et al., 2012; Patrick et al., 2006), several studies 

indicate enhanced P3b responses to alcohol-related images among individuals with AUD 

compared with social drinkers (Genkina & Shostakovich, 1983; Herrmann et al., 2000). In 

research employing a visual oddball paradigm, Namkoong et al. (2004) reported that social 

drinkers produced comparable P3b responses to alcohol and non-alcohol beverage images, 

whereas individuals with AUD produced larger P3b amplitudes to alcohol cues relative to non-



NEURAL MARKERS, SALIENCE AND DRINKING IN AUD 7 

alcohol cues, a pattern replicated in later work (Littel et al., 2013; Petit et al., 2015). Related 

evidence suggests that nonclinical, at-risk drinkers may also show heightened P3b alcohol cue 

salience, potentially marking elevated vulnerability: heavier or riskier drinking and family 

history of alcoholism have each been associated with larger P3b’s to alcohol versus non-alcohol 

cues (Herrmann et al., 2001; Ehlers et al., 2003; Bartholow et al., 2007, 2010; Petit et al., 2013, 

2014).  

However, most prior studies have not consistently yielded continuous associations 

between alcohol-cue P3b magnitude and retrospective self-reported consumption (Cofresí et al., 

2019; Littel et al., 2012).. Modest sample sizes have further limited precision and 

generalizability (Cofresí et al., 2019). These gaps highlight the need to evaluate alcohol-cue P3b 

as an individual-difference construct across participants evincing a broad range of AUD severity 

levels while also considering clinically meaningful severity distinctions and linking laboratory 

indices to drinking as it occurs in daily life using modern ambulatory approaches (Fairbairn & 

Bosch, 2021; Shiffman et al., 2008). 

In response to these needs, this study used a combined laboratory–ambulatory design 

among a sample of individuals with varying alcohol disorder symptom profiles, presenting with 

AUD severity levels spanning from “none/mild” to “severe.” Participants completed a two-week 

ambulatory monitoring period (EMA paired with continuous transdermal alcohol monitoring) 

anchored by three laboratory visits scheduled one week apart, with the electroencephalography 

(EEG) oddball task administered at the final visit. Alcohol-cue salience was indexed by P3b 

amplitudes elicited by alcohol and non-alcohol beverage targets during a standard image-viewing 

oddball task, with the alcohol – non-alcohol difference treated as a putative neural marker of 

incentive salience (Porjesz et al., 2005; Bartholow et al., 2007, 2010). Complementing 
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retrospective assessments of drinking frequency, quantity, and alcohol-related problems, daily-

life alcohol use and subjective responses were captured over two weeks using ecological 

momentary assessment (EMA) coupled with transdermal alcohol monitoring, providing 

objective, time-stamped estimates of consumption.  

Within this framework, it is possible to test whether alcohol images elicit larger P3b 

amplitudes than non-alcohol images among clinically affected drinkers (Herrmann et al., 2000; 

Namkoong et al., 2004; Littel et al., 2013; Petit et al., 2015), to quantify dimensional associations 

between alcohol-cue P3b magnitude and severity indices (Armor et al., 1978; Fairbairn et al., 

2018; Hasin et al., 2013; Kiluk et al., 2019; Mellentin et al., 2021), and to evaluate the ecological 

validity of the laboratory index through links to EMA- and sensor-derived markers of naturalistic 

drinking (Fairbairn et al., 2020; Fairbairn & Bosch, 2021). We hypothesized that, in this 

clinically affected sample, alcohol-related cues would elicit larger P3b responses than non-

alcohol-related cues, that stronger P3b responses would be associated with heavier/more intense 

patterns of naturalistic drinking, that these associations would persist after accounting for 

conventional severity assessments, and that the strength of P3b–drinking links would be greater 

among individuals with higher overall severity and would align with momentary alcohol 

experiences. 

2. Methods 

2.1 Participants 

Heavy drinking adults (N=60) of legal drinking age (≥21) were recruited from the local 

community. Exclusion criteria were: (a) self-reported formal diagnosis of a mental disorder (e.g., 

schizophrenia, bipolar disorder, major depressive disorder); (b) currently seeking treatment for 

AUD; (c) use of illicit drugs other than cannabis; and (d) history of traumatic brain injury or 
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brain surgery. The final sample comprised 31 males and 29 females with a mean age of 22.62 

(SD = 2.88, range = 21-32). Regarding racial identity, participants comprised 39 

White/Caucasian (65.0%), 5 Black/African American (8.3%), 13 Asian (21.7%), 1 American 

Indian/Alaska Native (1.7%), 1 Native Hawaiian/Other Pacific Islander (1.7%), and 1 multiracial 

(1.7%) individual. Twelve participants (20.0%) identified as Hispanic. All participants were 

required to meet initial DSM-5 criteria for alcohol use disorder according to a brief phone-based 

symptom checklist (American Psychiatric Association, 2013; Hasin et al., 2013). The descriptive 

characteristics of the sample are reported on Table 1. Recruitment targeted any community 

member who met eligibility criteria, and the final recruited sample comprised primarily students 

of variable levels (N = 6 part time; N = 52 full time). Handedness was not employed as a study 

exclusion; however, all participants in the final sample were right-handed. Study aims and 

hypotheses are registered at https://osf.io/m3puv. 

2.2 Procedure 

The study spanned two weeks and included three laboratory sessions scheduled one week apart 

(Figure 1; see also Ariss et al., 2025). All procedures were approved by the University of Illinois 

at Urbana–Champaign Institutional Review Board (Protocol No. IRB24-1785). 

2.2.1 Session 1 

The first laboratory session served as a study orientation. Participants were instructed to 

abstain from alcohol for at least 12 hours prior to this visit, and BrAC was verified to be 0.00% 

upon arrival. If BrAC was greater than 0.00% or participants verbally reported alcohol use within 

the past 12 hours, the study visit was rescheduled. Participants then provided informed consent, 

were fitted with a Secure Continuous Remote Alcohol Monitoring (SCRAM©) ankle bracelet, 

and the study smartphone application was installed on participants’ smartphones. Through this 

https://osf.io/m3puv


NEURAL MARKERS, SALIENCE AND DRINKING IN AUD 10 

app, participants received eight smartphone surveys per day assessing alcohol use. Prompts fired 

at random within one of four 10-hour windows, 2:00 pm–12:00 am, 3:00 pm–1:00 am, 4:00 pm–

2:00 am, or 5:00 pm–3:00 am, selected to match each participant’s reported sleep schedule. 

During this session, participants also completed brief retrospective past-30-day quantity, 

frequency, and binge self-report drinking measures (see Measures for full description). Finally, 

formal AUD diagnostic status was assessed via the structured clinical interview of the DSM-5 

administered by a research assistant (First et al., 2015; American Psychiatric Association, 2013). 

2.2.2 Session 2  

Approximately one week after the first visit, participants returned to the lab or met with 

researchers via a private Zoom session (~15 minutes) to troubleshoot any issues with the 

smartphone app or SCRAM device and address questions about the study. 

2.2.3 Session 3 

At the conclusion of the two-week ambulatory monitoring period, participants returned 

for a final laboratory session approximately two weeks after study initiation (Visit 1 to Visit 3: 

mean = 14.2 days; range = 13–19 days). During this session, participants completed an alcohol 

image-viewing oddball task while EEG was recorded. The task comprised three blocks of 76 

images each (per block: 60 neutral context pictures; 8 alcohol-beverage pictures; 8 non-alcohol 

beverage pictures). All laboratory sessions were scheduled across the day, with Visit 1 start times 

ranging from 9:00 AM to 7:30 PM, Visit 2 from 9:00 AM to 7:30 PM, and Visit 3 from 10:00 

AM to 8:30 PM. At session end, participants returned the SCRAM device and received $150, 

with an additional $50 contingent on ≥70% EMA compliance. 

2.2.4 EEG Recording and Preprocessing 
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EEG was recorded from 4 Ag/AgCl scalp midline electrodes placed approximately at 

Fpz, Cz, Pz, and Oz (10–20 system, Jasper, 1958), referenced online to the left mastoid and re-

referenced offline to the average of both mastoids; an additional peri-ocular electrode (between 

the left infraorbital ridge and the left outer canthus) monitored eye movements/blinks. 

Impedances were kept <5 kΩ. Signals were amplified (Sensorium amplifier) through a bandpass 

filter of 0.02-100 Hz and sampled at 250 Hz. Preprocessing was conducted using the Event-

Related Potential Software System (Jon Hansen, UCSD). Data were baseline corrected using the 

−100 to 0 ms prestimulus interval and low-pass filtered at 30-Hz (3rd-order Butterworth). 

Artifact rejection (for blocking, drift, saccades, and blinks) was done via thresholds set for 

individual subjects following condition-blind visual inspection. On average 3% of trials were 

rejected from critical bins (range 0-46%). All critical bins contained a minimum of 12 trials (at 

least 50% of oddball trials). No electrode interpolation was performed. 

2.2.5 Visual Oddball Task 

A visual oddball task was used to present relatively infrequent alcohol and non-alcohol 

beverage target pictures among standards made up of neutral context pictures. The neutral 

context pictures5 (60 total) were drawn from the International Affective Picture System (Lang et 

al., 2008) and included household objects such as a towel, a hairdryer, a cloth hanger, etc. 

According to Lang et al. (2008), these neutral context pictures had a mean valence rating of 5.06 

(SD = 0.42) and a mean arousal rating of 3.03 (SD = 0.62) (1-9 scales). The alcohol beverage 

pictures (8 total) included depictions of beer bottles, a shot glass, a tequila bottle, a gin bottle, a 

rum bottle, a glass of wine, a pitcher of beer, and several types of alcohol-containing cocktails. 

 
5 IAPS numbers for the images: 7002, 7004, 7006, 7010, 7020, 7025, 7030, 7031, 7034, 7038, 7044, 7050, 7053, 

7054, 7055, 7056, 7058, 7060, 7080, 7090, 7110, 7150, 7170, 7175, 7179, 7190, 7192, 7205, 7211, 7217, 7224, 

7233, 7234, 7235, 7236, 5030, 5390, 5395, 5471, 5500, 5510, 5520, 5530, 5533, 5534, 5535, 5731, 7095, 7096, 

7100, 7140, 7160, 7161, 7182, 7183, 7184, 7185, 7186, 7187, 7700. 
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The non-alcohol beverage pictures (8 total) included several types of juice in glasses (e.g., 

orange, apple, lemonade), a glass of milk, a cup of coffee, a bottle of water, and a sports drink. 

None of the beverage pictures contained people in order to prevent emotional responses that 

might confound participants’ reactivity to beverage cues (Stritzke et al., 2004). All images were 

presented in the center of a 21” CRT computer monitor at a viewing distance of 100 cm. Images 

subtended 4.3 degrees of vertical visual angle and 6.5 degrees of horizontal visual angle. 

The Alcohol Image Viewing Task consisted of 3 blocks, between which participants were 

given a short break (1-3 minutes). Each block contained the same set of 76 images presented in a 

different randomized order, with block order counterbalanced. Each trial began with a fixation 

display of three plus signs (+++) in the center of the screen for 1000 ms, followed by stimulus 

presentation for 1000 ms. Participants were instructed to respond to beverage targets by pressing 

a response button in one hand for an alcohol beverage picture or a button in the other hand for a 

non-alcohol beverage picture, while withholding responses to all other images. Response hand 

mapping was counterbalanced across participants. A 500 ms inter-trial interval followed stimulus 

offset. Participants were instructed to maintain central fixation throughout the experiment and to 

minimize eye blinks and facial movements.  

2.3 Measures 

2.3.1 P3b Alcohol Cue Salience 

Oddball P3b effects are maximal over parietal scalp; thus, analyses focused on electrode 

Pz. Following Bartholow et al. (2007), mean amplitude was measured 300–800 ms post-

stimulus-onset to accommodate individual variability in peak latency. For target trials (beverage 

images), only those with a correct response were included. Participant-level mean P3b 

amplitudes were measured for alcohol and non-alcohol targets and subjected to statistical 
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analyses looking at associations with clinical and ambulatory measures. Alcohol cue salience 

was operationalized as the difference in P3b amplitude between alcohol and non-alcohol target 

images, with larger positive values indicating stronger neural prioritization of alcohol cues. 

2.3.2 AUD Severity Level 

 The Structured Clinical Interview for DSM-5 (SCID-5, First et al., 2015) defines AUD 

severity categories based on the number of endorsed criteria, with 2–3 criteria indicating mild, 4–

5 indicating moderate, and 6–11 indicating severe AUD (Hasin et al., 2013). Importantly, 

distinctions between mild and the more clinically significant moderate and severe categories are 

well established (Kiluk et al., 2019; Mellentin et al., 2021). Consistent with prior ERP research, 

where binary groupings are often employed, a binary index of AUD severity was also used: 0–3 

criteria reflecting “minimal” and 4–11 criteria reflecting “pronounced” alcohol problems. 

2.3.3 Retrospective Self-Report of Typical Alcohol Consumption 

During Session 1, participants completed a questionnaire derived from NIAAA’s 

recommended alcohol-use question sets (NIAAA, 2018) consisting of individual items assessing 

the frequency and quantity of alcohol consumption (Armor et al., 1978; Fairbairn et al., 2018). 

Items included: 1) Retrospective Self-Report of Drinking Frequency: Participants were asked to 

report on how many days out of the past 30 they had at least one drink of alcohol; 2) 

Retrospective Self-Report of Drinking Quantity: Participants were asked to report how many 

drinks they consumed on average per drinking day; 3) Retrospective Self-Report of Binge 

Drinking Frequency: Participants indicated how often they engaged in binge drinking in the past 

30 days (4+ standard drinks in a sitting for women, 5+ standard drinks for men). 

2.3.4 Objective Transdermal Ambulatory Alcohol Consumption 
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The SCRAM ankle bracelet was used to measure participants’ Transdermal Alcohol 

Concentration (TAC). In order to compute alcohol consumption levels for participants, readings 

derived from transdermal sensors were converted into estimated Blood Alcohol Content (eBAC) 

values using a machine learning model (Fairbairn et al., 2020). The machine learning algorithm 

employed to convert TAC into eBAC in the current analyses has been shown to produce values 

within 10% of true BAC in prior laboratory-based validation research (Fairbairn et al., 2020; see 

also (Fairbairn & Bosch, 2021). The following variables were created using the eBAC data: 1) 

eBAC Drinking Days: The total number of days on which at least one eBAC value was higher 

than 0.01%; 2) eBAC Drinking Frequency: The total number of eBAC readings higher than 

0.01%, divided by the total number of eBAC readings during the ambulatory period; 3) eBAC 

Drinking Quantity: For each drinking day, the mean of all eBAC readings ≥ 0.01%, then 

averaged across all drinking days (i.e., the day-weighted mean of positive eBAC); 4) eBAC 

Binge Drinking Frequency: The total number of drinking days on which at least one eBAC value 

was higher than 0.08%; 5) eBAC Peak Average: The highest eBAC recorded each day, averaged 

across the 14 days for each participant. 

2.3.5 Self-Report Ambulatory Alcohol Consumption 

Participants also provided self-reports of alcohol consumption during the ambulatory 

period (Shiffman et al., 2008; Stone & Shiffman, 1994). The following variables were created 

using the self-report data: 1) Ambulatory Self-Reported Drinking Days: The total number of days 

on which the participant reported either currently drinking alcohol or having had at least one 

alcohol-containing drink since the last survey; 2) Ambulatory Self-Reported Drinking Frequency: 

The total number of surveys the participant indicated drinking, divided by the total number of 

surveys submitted during the ambulatory period; 3) Ambulatory Self-Reported Drinking 
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Quantity: The total self-reported number of drinks consumed over the course of the ambulatory 

period, divided by ambulatory self-reported drinking days; 4) Ambulatory Self-Reported Binge 

Drinking Frequency: The total number of drinking days on which the total number of drinks 

consumed was 4+ (for women) or 5+ (for men), (National Institute on Alcohol Abuse and 

Alcoholism [NIAAA], 2004); 5) Ambulatory Self-Reported Peak day: maximum number of 

drinks per participant on a single drinking day. 

2.4 Data Analysis Plan 

The data and code required to reproduce the analysis have been made publicly available 

at the Open Science Framework and can be accessed at https://osf.io/m3puv/files. All analyses 

were conducted in R (version 4.5.0) using mixed-effects models with the lme4 and lmerTest 

packages (Bates et al., 2015; Kuznetsova et al., 2017). Descriptive statistics were first computed 

to characterize the sample in terms of age, gender, and overall ERP amplitudes across conditions. 

The primary analyses focused on examining differences in P3b ERP amplitudes elicited by 

alcohol versus non-alcohol image cues. ERP outcomes were mean P3b amplitudes at Pz (300–

800 ms) computed separately for alcohol and non-alcohol target trials per participant (correct-

response trials only), yielding two condition-specific values per participant. Although the 

integration of random slopes was not possible given the dyadic nature of clustering in this 

sample, clustering was accounted for in the random intercept components (Kenny et al., 2016).   

Stimulus type (alcohol vs. non-alcohol) was modeled as a within-person fixed effect. 

Initial models tested the main effect of stimulus type, evaluating whether alcohol cues elicited 

significantly different ERP responses compared to non-alcohol cues across the sample. 

Individual differences were examined by testing whether AUD severity moderated cue reactivity. 

Participants were dichotomized into “minimal” (no or mild AUD) and “pronounced” (moderate 
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or severe AUD) groups consistent with DSM-5 severity specifiers (mild: 2–3 symptoms; 

moderate: 4–5; severe: ≥6), and the primary test of severity differences in cue reactivity was the 

stimulus type × AUD group interaction, estimated using a mixed-effects model that included 

main effects and their interaction, with a random intercept for participant. When the stimulus 

type × AUD group interaction was significant, we decomposed the interaction by estimating the 

alcohol–non-alcohol contrast within each AUD group. To do so, we assessed the cue-type effect 

separately in the minimal group (AUD severity 0–1) and in the pronounced group (AUD severity 

2–3), and computed simple-effects contrasts using estimated marginal means (EMMs). To 

evaluate whether findings in the minimal group were driven by inclusion of participants with no 

current AUD (0 criteria), we conducted a sensitivity analysis restricting the minimal group to 

mild-only (AUD severity = 1) and re-estimated the cue-type model. As an additional robustness 

check, we summarized within-person cue reactivity using a difference score (ΔP3b = P3balcohol − 

P3bnon-alcohol) and compared ΔP3b between groups using a Welch independent-samples t-test, 

which is robust to heterogeneity of variance. 

To test moderation by drinking behavior, retrospective self-report of typical alcohol 

consumption, objective transdermal ambulatory alcohol consumption, and self-report ambulatory 

alcohol consumption were each examined as moderators of cue-elicited ERP responses. 

Specifically, interaction terms between cue type (alcohol vs. non-alcohol) and each drinking 

index were included, allowing the magnitude of ERP reactivity to alcohol cues to be examined as 

a function of real-world drinking patterns. In these moderation models, each drinking index was 

treated as a between-person predictor and entered along with its interaction with stimulus type 

(stimulus type × moderator), estimated separately within each severity group (minimal; 
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pronounced). Significant stimulus type × moderator effects were probed with simple-

slopes/simple-effects contrasts (i.e., estimating the alcohol–non-alcohol difference at 

representative values of the moderator) using planned linear contrasts. Alcohol use behavior–

based moderators were tested in separate mixed-effects models (one moderator per model); 

moderators were not entered simultaneously due to conceptual overlap and multicollinearity 

among drinking indices. Alcohol use moderators were entered in their original measurement 

units (i.e., not standardized or transformed) to facilitate interpretation of effects in clinically 

meaningful terms. To support transparent inference, moderator results are reported as 

unstandardized fixed-effect estimates with 95% confidence intervals; for key stimulus type × 

moderator interactions, semi-partial R2 values are also reported as an effect-size index. 

3. Results 

3.1 Participants 

The mean total DSM-5 criteria count at screening was 3.55 (SD = 1.48; range = 2–8). 

Based on these scores, 36 participants (60%) were classified with “mild” AUD, 18 (30%) with 

“moderate” AUD, and 6 (10%) with “severe” AUD. When AUD severity was re-assessed using 

the full DSM-5 symptom checklists during the first laboratory visit (orientation session; see 

Procedures), the mean total DSM-5 criteria count was 3.73 (SD = 2.52; range: 0–11). Thirteen 

participants (21.7%) no longer met criteria for an AUD diagnosis. Among the remaining 

participants, 20 (33.3%) were classified as having a “mild” AUD, 16 (26.7%) as “moderate”, and 

11 (18.3%) as “severe”. There was a moderate correlation between screening and laboratory 

symptom reports, r = .581, p < .001. Discrepancies between screening and session-based AUD-

severity levels are likely attributable to a range of factors including: 1) Variation in symptom 

levels associated with the passage of time - an average of 14.05 days passed between screening 
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and participants’ first laboratory session (SD = 10.23; range 1–42 days); 2) More exhaustive 

symptom assessment in the context of laboratory sessions; whereas a brief symptom checklist 

was incorporated into the screening questionnaire, full SCID-5 procedures were employed in the 

laboratory. In light of the more exhaustive and proximal assessment incorporated into in-person 

visits, analyses below incorporate DSM criteria assessed at laboratory sessions (see Table 1 for 

descriptive characteristics). Seven participants were not able to complete the Alcohol Image 

Viewing Task due to technical issues. In addition, six participants were excluded from ERP 

analyses due to excessive trial loss (fewer than 12 correct alcohol and/or non-alcohol target 

trials). The final analytic sample therefore comprised 47 participants: 11 (23.4%) with no AUD 

diagnosis, 16 (34.0%) with mild AUD, 12 (25.5%) with moderate AUD, and 8 (17.0%) with 

severe AUD. Given the obtained sample size (N=47) and observed variability, a sensitivity 

(minimum detectable effect) analysis (α=.05, two-tailed) indicated 80% power to detect a within-

person alcohol–non-alcohol P3b difference of approximately 1.78 µV (dz≈0.42). For the severity 

comparison (n=27 minimal; n=20 pronounced), 80% power corresponded to detecting a 

between-group difference in cue-reactivity (ΔP3b) of approximately 3.42 µV (d≈0.85) 

3.2 Overall Ambulatory Compliance and Alcohol Consumption 

Rates of compliance with ambulatory assessment procedures were high. Participants 

responded to an average of 76.6% of prompts (SD = 18.08). All participants (100%) engaged in 

at least one drinking episode outside the laboratory over the 14-day ambulatory assessment 

period. On average, participants had at least one positive eBAC reading on 8.65 days (SD = 

3.83), with an average eBAC during drinking days of 0.035% (SD = 0.011); with the highest 

participant-level mean peak reaching 0.092% (SD = 0.040).  
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On average, participants indicated “currently drinking” at least one time on 8.35 days (SD 

= 3.12), with an average of 5.08 drinks (SD = 2.49) per survey response submitted. See Table 2 

for full descriptive statistics of eBAC and self-reports of ambulatory alcohol use assessment. 

eBAC corresponded closely with both daily self-reports of drinking and also with momentary 

drinking data. The correlation between daily self-reports of the number of drinks and the daily 

average eBAC was moderate in magnitude, r = .459, t = 3.93, p < .001. With respect to the 

momentary drinking data, when participants indicated “yes” to the question “Are you currently 

drinking?”, 65.66% of the time the eBAC also was positive for that same time point. When 

participants indicated “no” to the question “Are you currently drinking?”, 85.43% of the time the 

eBAC was also zero for that same time point. 

3.3 Ambulatory Measurement Effects and Reactivity 

Most participants did not report substantial reactivity to the transdermal sensor and/or the 

ambulatory survey procedures. Four participants indicated that they drank more than usual 

because of the ambulatory procedures, and 5 participants indicated that they drank less than 

usual because of the ambulatory procedures. Five participants indicated that they were 

sometimes uncomfortable or irritated by the ambulatory procedures. The remainder indicated no 

discomfort or behavioral changes linked with the ambulatory assessment procedures. 

3.4 Behavioral Performance on the Oddball Task 

On average, participants correctly responded on 96.59% of trials. Response accuracy did not 

significantly differ across Stimulus Types, t(46) = 1.27, p = .211 (96.99% for alcohol beverage 

images, 96.19% for non-alcohol beverage images). 

3.5 ERP Analyses 
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A robust oddball effect was observed for the P3b (Figure 2), such that targets elicited 

reliably greater P3b amplitudes (M = 6.92 µV, SD = 5.88) than standards (M = 1.82 µV, SD = 

4.12), b = 5.81, SE = 0.71, t = 8.19, p < .001. The effect was maximal over posterior electrode 

sites, consistent with canonical P3b topography. Visually, P3b responses were larger to alcohol 

beverage targets than to non-alcohol beverage targets. Analyses focused on the responses to the 

two beverage target types. These revealed a significant main effect of stimulus type, b = 1.43, SE 

= 0.62, t = 3.21, p = .025, with larger responses to alcohol beverage images (M = 7.63 µV, SD = 

5.21) compared to non-alcohol beverage images (M = 6.20 µV, SD = 6.46). 

Further analyses were conducted separately for participants with minimal AUD severity 

(non-AUD and mild AUD combined) and those with pronounced AUD severity (moderate and 

severe AUD combined). This division was applied to examine whether individual differences in 

the clinical severity of alcohol problems influence neural sensitivity to alcohol cues, as prior 

research suggests that cue reactivity is more pronounced among individuals with more severe 

symptom profiles (Namkoong et al., 2004; Petit et al., 2015; Littel et al., 2013, Figure 3). 

Consistent with this hypothesis, a significant interaction between Stimulus Type and AUD 

severity emerged (b = 2.89, SE = 1.19, t = 2.43, p = .019), prompting follow-up simple-effects 

tests within each severity group. In the minimal AUD group, the effect of stimulus type on P3b 

amplitude was non-significant, b = 0.20, SE = 0.92, t = 0.22, p = .827. Results were unchanged 

when considering only the mild group (AUD severity=1, alcohol vs. non-alcohol contrast 

remained non-significant, p = .816; see Supplement Table S2). In contrast, in the pronounced 

group, alcohol cues elicited significantly larger P3b amplitudes compared to non-alcohol cues, b 

= 3.10, SE = 0.61, t = 5.07, p < .001 (Figure 4). To probe the significant interaction, comparisons 

of EMMs tested the alcohol–non-alcohol contrast within each severity group. The alcohol–non-
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alcohol contrast was non-significant in the minimal group (Δ = 0.203 µV, SE = 0.778, t = 0.260, 

p = .796) but significant in the pronounced group (Δ = 3.096 µV, SE = 0.904, t = 3.424, p = 

.001). As a robustness check, we also computed the participant-level difference score (ΔP3b = 

P3balcohol  − P3bnon-alcohol) and compared ΔP3b across groups. ΔP3b differed significantly between 

groups (independent-samples t-test p = .012), indicating larger cue-reactivity in the pronounced 

group than the minimal group. 

Given prior work suggesting that P3b amplitudes are generally reduced in individuals 

with AUD, we also directly compared P3b amplitudes to the non-alcohol beverage targets across 

groups. P3b amplitudes to non-alcohol targets were larger (t(44.94) = 2.99, p = .004) in the 

minimal (M = 8.37 µV) compared to the pronounced (M = 3.27 µV) groups.    

3.6 Moderators of Alcohol-Cue P3b  

We examined whether real-world drinking, indexed by objective eBAC and self-report, 

moderated alcohol-cue P3b responses, and whether effects differed by severity group. For 

objective transdermal ambulatory alcohol use, no significant moderators emerged in the minimal 

group. By contrast, in the pronounced group, significant interactions indicated a tendency for 

alcohol-cue reactivity to scale with real-world drinking behavior. Specifically, among those with 

pronounced AUD, eBAC binge drinking days moderated the effect of stimulus type, b = 0.51, SE 

= 0.20, t = 2.55, p = .020, 95% CI [0.12, 0.90], semi-partial R2= .27, with stronger alcohol-cue 

P3b responses associated with more binge days (Figure 5).  

A similar effect was found for eBAC peak, b = 34.09, SE = 15.74, t = 2.17, p = .044, 95% 

CI [3.24, 64.94], semi-partial R2= .21, indicating that, among participants with pronounced 

AUD, higher peak eBAC values correlated with greater alcohol-specific ERP amplitudes (Figure 

6). 
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No other moderators, including additional eBAC indices, ambulatory self-reported 

measures, and retrospective reports, were found to significantly predict alcohol cue reactivity in 

either group. Full tables reporting all results of models can be found in the supplemental 

material.  

3. Discussion 

The current study used a combined laboratory–ambulatory design to examine whether 

neural markers of incentive salience for alcohol cues, indexed by the P3b, relate to real-world 

drinking behavior and whether these associations vary as a function of alcohol use disorder 

(AUD) severity. Consistent with predictions derived from incentive-salience models of addiction 

and the AARDoC framework, alcohol beverage images elicited larger P3b amplitudes than 

non-alcohol beverage images across the sample. Critically, however, this effect was not uniform: 

alcohol-specific P3b enhancement was concentrated among individuals with more pronounced 

AUD symptomatology, whereas individuals with minimal AUD showed comparable neural 

responses to alcohol and non-alcohol cues. These results highlight the importance of considering 

severity distinctions in AUD, as only those with pronounced symptoms demonstrated robust 

neurocognitive sensitivity to alcohol-related stimuli.  

Consistent with this pattern, Kohen et al. (2024) showed that larger alcohol-cue–elicited 

P3b amplitudes prospectively track real-world consumption dynamics (e.g., steeper eBAC 

“front-loading” and elevated momentary craving) over multi-week EMA. Our results 

complement these findings by indicating that the expression of alcohol-cue P3b reactivity is not 

uniform but contingent on clinical severity: robust cue-elicited P3b differences emerged 

specifically among participants with moderate-to-severe AUD, whereas minimal-severity 

participants showed no reliable differentiation. However, because craving was not measured in 
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the present study, these findings should be interpreted as severity-linked differences in neural 

processing of alcohol versus non-alcohol cues rather than as direct evidence of craving-related 

mechanisms. In line with prior findings that alcohol-cue P3b indexes incentive salience relevant 

to naturalistic drinking, here we found that only biosensor-derived eBAC measures (and not self-

reported drinking) moderated cue-elicited P3b, indicating that the translational utility of P3b is 

greatest where AUD severity is higher and objective exposure is elevated.  

In the present data, the alcohol–non-alcohol cue salience contrast appears to reflect, in 

part, attenuated P3b responses to non-alcohol cues in the pronounced AUD group (rather than a 

selectively amplified absolute P3b response to alcohol cues). This interpretation is consistent 

with evidence that reduced P3/P3b amplitude is a robust feature of substance use disorders and 

AUD risk, and that smaller P3b amplitudes index broader disinhibitory/externalizing 

vulnerability that is associated with risk-taking and later substance-related problems (Euser et al., 

2012; Patrick et al., 2006). Within this framework, one can see that alcohol cues are relatively 

prioritized because they elicit neural responses that are more comparable to normative 

responding, while responses to other cues remain blunted, consistent with the idea that alcohol-

related stimuli may be among the few categories that reliably engage attentional/motivational 

systems in more severe AUD.  

Interpretation of these findings should also consider that the present sample was 

relatively young (M age = 22.62 years), and the overall AUD symptom burden was modest 

(mean DSM-5 criteria approximately 3-4). National epidemiologic data indicate that AUD 

prevalence is highest among younger adults and that drinking patterns and symptoms can be 

developmentally dynamic during this period (Grant et al., 2015; National Institute on Alcohol 

Abuse and Alcoholism [NIAAA], 2025). Accordingly, the current results may be most 
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representative of earlier-stage AUD presentations with shorter lifetime drinking histories, rather 

than chronic decades-long exposure. Generalization to older or treatment-seeking samples with 

long-term heavy drinking should therefore be made cautiously, and future work should test 

whether severity-dependent alcohol-cue P3b patterns and their coupling with objective drinking 

indices replicate across a broader age range and illness chronicity (Koob & Volkow, 2016; 

Witkiewitz et al., 2019). 

Beyond severity, our findings suggest that real-world drinking behaviors are associated 

with alcohol cue reactivity. In the pronounced AUD group, objective drinking indices moderated 

the stimulus effect. Individuals with stronger alcohol-cue P3b displayed more frequent binge-

drinking and higher peak eBAC, whereas self-reports showed no moderation. In contrast, within 

the minimal group, drinking behaviors did not show any specific effect. Although daily self-

reported number of drinks was moderately correlated with daily average eBAC, this 

correspondence did not translate into self-report moderation of cue-elicited P3b, suggesting that 

objective eBAC, rather than recalled quantity, may better capture the exposure dynamics that 

tune neural prioritization of alcohol cues. This pattern aligns with prior evidence that individual 

and contextual factors modulate cue salience and suggests that heavier naturalistic use 

potentiates neural prioritization of alcohol cues primarily when accompanied by higher clinical 

severity (Cofresí et al., 2019). 

Importantly, these results suggest the potential incremental value of ambulatory alcohol 

assessment for linking drinking behavior to neurocognitive markers of addiction. Transdermal 

biosensor data were predictive of cue reactivity, whereas ambulatory and retrospective self-

reports did not yield significant moderations. This finding aligns with concerns that retrospective 

recall of alcohol use is prone to biases and inaccuracies (Del Boca & Darkes, 2003; Stockwell et 
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al., 2004). By contrast, biosensor data can capture intoxication levels as they occur in daily life, 

thereby reducing memory-related distortions and potentially offering a more ecologically valid 

index of consumption. Ambulatory self-reports, while valuable, may be influenced by limitations 

such as impaired awareness of intake during intoxication (Weissenborn & Duka, 2003; White, 

2003), variability in standard drink definitions (Barnett et al., 2009; Kerr et al., 2008), and social 

desirability biases (Davis et al., 2010; Zapolski et al., 2014). Taken together, these findings 

indicate that technology-mediated ambulatory approaches may provide a powerful complement 

to traditional methods, potentially enabling researchers to more accurately capture drinking 

behaviors as they unfold in the natural environment. 

A further contribution of this study is showing that neurocognitive responses to alcohol 

cues are associated with both ongoing drinking patterns and clinically defined AUD severity. 

Enhanced alcohol cue reactivity was observed exclusively among those with moderate-to-severe 

AUD, consistent with prior work showing greater P3b responses to alcohol cues in clinical 

samples compared to social drinkers (Namkoong et al., 2004; Littel et al., 2013; Petit et al., 

2015). Most previous studies, however, were conducted prior to the adoption of DSM-5 AUD 

severity specifiers and thus did not differentiate between mild and more severe presentations. 

Our results suggest that individuals with moderate-to-severe AUD display distinctive 

neurocognitive signatures relative to those with minimal AUD, aligning with broader findings in 

psychiatry that symptom severity can mark qualitatively different clinical and functional profiles 

(Regier et al., 2013). 

4.1 Limitations 

Despite several strengths, the present study involved constraints that temper inference. 

The sample size, while comparable to prior ambulatory EEG/EMA investigations, was modest; 
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replication with a larger cohort is warranted to stabilize effect-size estimates and enable finer-

grained modeling. The two-week ambulatory window captured substantial variability in 

everyday use for most participants, yet longer follow-ups would better characterize stability and 

change in brain–behavior coupling. Measurement considerations also apply. Craving was not 

assessed in this dataset. We did not administer a validated clinical craving measure (nor collect 

momentary craving ratings), which limits our ability to determine whether severity-related P3b 

differences reflect AUD severity per se versus severity-related craving or other correlated 

processes. Future work should include standardized craving assessments (clinical and/or EMA) 

to directly evaluate craving as a mediator or moderator of alcohol-cue–elicited neural responses.  

Additionally, the alcohol cues in the oddball task were generic beverage photographs 

rather than participant-preferred (idiographic) alcohol cues. Because beverage preference can 

influence cue-elicited ERP responses (Thurin et al., 2017), this may have introduced 

heterogeneity in cue relevance that dampened cue effects for some participants. In the present 

study, pronounced AUD participants showed robust P3b differentiation even with generic cues, 

suggesting generalized incentive salience for alcohol stimuli; however, any mismatch between 

pictured beverages and personal preferences would be expected to attenuate effect sizes and 

could contribute to null effects in lower-severity participants. Future studies could (i) collect 

preferred beverage type and cue ratings (e.g., familiarity, liking, craving), (ii) use preference-

matched cue sets (beer vs wine vs liquor) or fully idiographic cues (Kirsch et al., 2025; Amlung 

et al., 2024), and (iii) balance personalization with standardization by drawing from validated 

alcohol picture libraries while matching to participant preference (Stauffer et al., 2017).  

Although eBAC values derived from transdermal sensing correlate with drinking-

quantity estimates, they are vulnerable to person-level and contextual confounds (e.g., skin 
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properties, perfusion, device placement, ambient temperature), making them biased and 

imprecise as point estimates of BAC; convergent validation with breathalyzer sampling and 

alcohol-administration paradigms is therefore essential to bolster construct validity. Ambulatory 

survey compliance was lower among heavier drinkers, raising the possibility of state-dependent 

missingness; future work should consider briefer prompts, adaptive scheduling, and incentive 

structures to improve response rates. Causal interpretation remains limited by the cross-context 

bridge (lab ERP to field behavior); repeated neural assessments or cross-lagged/time-varying 

models would help address directionality. Analytically, a higher-order interaction framework, as 

testing a three-way interaction in which the neural index of cue salience varies as a function of 

individual severity and drinking patterns, would have provided a more incisive test of conditional 

dependencies; however, the available sample and event counts did not provide sufficient power 

for such models. Relatedly, multiple alcohol-use indices were evaluated as moderators in 

planned, conceptually grouped models. Although these indices are correlated and the analyses 

were hypothesis-driven, testing multiple moderators can still increase the chance of Type I error. 

Accordingly, moderator findings, especially those observed in the pronounced AUD subgroup, 

should be viewed as provisional and in need of replication. Future studies with larger samples 

will be critical for testing fully dimensional moderation models in which AUD symptom count, 

cue type, and real-world drinking jointly interact. Finally, comprehensive assessment of 

substance use and alcohol–substance co-use was beyond the scope of the present study. Future 

research should incorporate systematic measurement of cannabis and other substance use, 

particularly given increasing population-level prevalence, to clarify how co-use may shape 

alcohol cue reactivity and brain–behavior associations. 

4. Conclusion 
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In summary, P3b alcohol cue salience appears shaped by both AUD severity and drinking 

patterns: individuals with pronounced AUD show heightened neural responses to alcohol cues, 

and these responses are further amplified among those engaging in more frequent/heavier use 

(Kohen et al., 2024; Fairbairn & Bosch, 2021). These findings support viewing P3b as a severity-

sensitive, ecologically relevant marker within incentive-salience accounts of addiction (Robinson 

& Berridge, 1993; Koob & Volkow, 2016) and underscore the value of integrating DSM-5 

severity specifiers with biosensor-based, real-world measurement when examining mechanisms 

and designing interventions that target cue reactivity in those most vulnerable. 
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Table 1. Descriptive Characteristics of Sample 

 

All 

Participants 

(n=60) 

No AUD 

(n=13) 

Mild AUD 

(n=20) 

Moderate 

AUD (n=16) 

Severe AUD 

(n=11) 

Gender      

n(%) Male 31(51.7) 6 (46.2) 11 (55.0) 10 (62.5) 4 (36.3) 

n(%) Female 

 

29 (48.3) 7 (53.8) 9 (45.0) 6 (37.5) 7 (63.6) 

Race      

n(%) White 39 (65.0) 8 (61.5) 12 (60.0) 10 (62.5) 9 (81.8) 

n(%) African American 5 (8.3) 0 (0) 2 (10.0) 1 (6.3) 2 (18.2) 

n(%) Asian 13 (21.7) 5 (38.5) 4 (20.0) 4 (25.0) 0 (0) 

n(%) American Indian or 

Alaska Native 

 

1 (1.7) 0 (0) 1 (5.0) 0 (0) 0 (0) 

n(%) Pacific Islander 1 (1.7) 0 (0) 0 (0) 1 (6.3) 0 (0) 

n(%) Multi-racial 

 

1 (1.7) 0 (0) 1 (5.0) 0 (0) 0 (0) 

Ethnicity      

n(%) Hispanic 12 (20.0) 1 (7.7) 2 (10.0) 6 (37.5) 3 (27.3) 

n(%) Not Hispanic 

 

48 (80.0) 12 (92.3) 18 (90.0) 10 (62.5) 8 (72.7) 

Age      

mean (SD) 22.62 (2.88) 21.85 (1.46) 22.10 (1.45) 22.56 (3.18) 24.55 (4.68) 

median (IQR*) 21 (21-23) 21 (21-22) 22 (21-22) 21 (21-22) 22 (21-29) 

Status      

n(%) full time student 52(85.7) 13(100) 18(90.0) 13(81.3) 8(72.7) 

n(%) part time student 6(10.0) 0(0) 2(10.0) 2(12.5) 2(18.2) 

n(%) not student 2(3.3) 0(0) 0(0) 1(6.3) 1(9.1) 

*IQR: Interquartile Range. 
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Table 2. Descriptive Statistics for Alcohol Consumption Levels by AUD Severity for the 

complete sample 

  
All 

(n = 60) 

No AUD 

(n = 13) 

Mild AUD 

(n = 20) 

Moderate AUD 

(n = 16) 

Severe AUD 

(n = 11) 

  

Mean 

(SD) 
Range 

Mean 

(SD) 
Range 

Mean 

(SD) 
Range 

Mean 

(SD) 
Range 

Mean 

(SD) 
Range 

Retrospective Self-

Report  

 
  

 
  

 
  

  
  

 

Drinking Frequency 14.12 

6-29 

13.77 

8-25 

14.89 

6-29 

12.69 

6-20 

15.91 

6-28 

  

(5.59) 

  

(4.68) (6.33) (4.85) (6.28) 

Drinking Quantity 5.65 

2-25 

3.38 

2-6 

5.67 

2-15 

6.06 

2-20 

7.82 

3-25 

  

(4.44) 

  

(1.33) (3.29) (4.89) (6.84) 

Binge Drinking 

Frequency 

8.17 

1-20 

5.23 

1-13 

9.00 

3-20 

7.31 

2-15 

11.91 

5-20 

  

(4.65) 

  

(3.49) (4.59) (3.55) (5.34) 

Ambulatory eBAC                     

Drinking Days 8.65 

0-14 

8.31 

4-14 

8.39 

0-14 

8.63 

1-14 

9.18 

1-14 

  

(3.83) 

  

(3.17) (3.88) (4.19) (4.60) 

Drinking Frequency 0.74 
0.00-

0.95 

0.79 
0.60-

0.92 

0.71 
0.29-

0.94 

0.79 
0.56-

0.95 

0.66 
0.00-

0.87 
  

(0.16) 

  

(0.11) (0.16) (0.11) (0.24) 

Drinking Quantity 0.03 
0.00-

0.07 

0.03 
0.02-

0.05 

0.03 
0.00-

0.06 

0.04 
0.03-

0.07 

0.04 
0.02-

0.05 
  

(0.01) 

  

(0.01) (0.01) (0.01) (0.01) 

Peak Max 0.09 0.00 0.09 0.04 0.09 0.00 0.10 0.04 0.09 0.04 

 (0.04) 0.23 (0.03) 0.12 (0.04) 0.17 (0.05) 0.23 (0.04) 0.14 

Binge Drinking 

Frequency 

1.78 

0-10 

1.31 

0-4 

1.89 

0-7 

1.94 

0-10 

1.91 

0-7 

  

(2.20) 

  

(1.38) (2.11) (2.77) (2.47) 

Ambulatory Self-

Report 

 

         
  

   

Drinking Days 8.35 

1-14 

8.23 

3-14 

7.56 

4-14 

8.38 

1-14 

9.27 

6-13 

  

(3.12) 

  

(3.44) (3.17) (3.34) (2.28) 

Drinking Frequency 0.22 
0.00-

0.71 

0.19 
0.00-

0.47 

0.20 
0.00-

0.71 

0.21 
0.00-

0.50 

0.29 
0.08-

0.58 
  

(0.14) 

  

(0.12) (0.17)  (0.14) (0.13) 

Drinking Quantity 5.08 
1.40-

12.67 

4.42 
2.13-

12.67 

5.16 
1.40-

9.33 

5.24 
2.67-

9.0 

4.83 
2.17-

9.38 
  

(2.49) 

  

(2.90) (2.45) (1.99) (2.39) 

Binge Drinking 

Frequency 

4.42 

0-12 

3.00 

1-8 

4.56 

0-12 

4.38 

1-10 

5.18 

2-12 

  (2.74) (1.78) (3.01) (2.47) (3.03) 
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Self-Reported Peak 

day 
5.43 

1-15 
3.62 

1-9 
6.20 

1-13 
6.19 

2-15 
5.09 

3-13 

 (3.10)  (2.06)  (3.35)  (3.25)  (2.84)  

 

 

Figure 1. Study timeline and data-collection sequence. 

Figure 2. Event-related brain potential waveforms elicited by target alcohol, target non-alcohol, 

and standard household images. 
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Note: ERP Waveforms for standard (household) images (solid black), non-alcohol targets (green 

dotted), and alcohol targets (red dashed) are plotted at the three centro-posterior midline 

electrodes (Cz, Pz, and Oz) for all participants combined (N=47). Stimulus onset occurred at 0 

ms. Negative voltage is plotted up. 

 

Figure 3. Alcohol Cue Salience as a Function of AUD Severity  

 

Note: ERP Waveforms for standard (household) images (solid black), non-alcohol targets (green 

dotted), and alcohol targets (red dashed) are plotted at channel Pz for participants with differing 

levels of AUD severity. Stimulus onset occurred at 0 ms. Negative voltage is plotted up. Alcohol 

cue salience (larger P3b responses to alcohol than to non-alcohol targets) is enhanced in 

participants with moderate to severe AUD. 

 

Figure 4. Average (±SE) ERP P3b amplitude for non-alcohol cues (target), alcohol cues (target), 

and household cues (standard) in Minimal and Pronounced AUD groups. 
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Figure 5. ERP P3b amplitude (µV) as a function of eBAC-defined binge days. 
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Note: Group-specific trends are shown for Mild vs Pronounced severity (DSM severity: 0–1 = 

Mild; 2–3 = Pronounced). The left panel (A) displays non-alcohol cues and the right panel (B) 

displays alcohol cues.  

 

Figure 6. ERP P3b amplitude (µV) plotted against the highest peak eBAC for each participant 

during the 14 days. 

 

Note: Group-specific trends are shown for Mild vs Pronounced severity (DSM_severity: 0–1 = 

Mild; 2–3 = Pronounced). The left panel (A) displays non-alcohol cues and the right panel (B) 

displays alcohol cues. 

 


